A major problem with experiments involving the correction have exploited the SV40 small T antigen intron present in of cystic fibrosis by gene transfer has been reliably an expression vector containing the CFTR cDNA (pCFAS) detecting the transgenic message and distinguishing this using a primer directed to the spliced sequence to allow from an endogenous message and from vector DNA. We specific and precise detection of the transgeneic message.
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Clinical gene therapy trials towards the treatment of cys-RNA. However, this method ignores the crucial fact that reverse transcriptase can use DNA as a template with tic fibrosis (CF) using adenovirus and liposome-mediated transfer have led to variable and transient correction of similar efficiency to RNA, so tagged DNA will also be produced from plasmid. cystic fibrosis transmembrane conductance regulator (CFTR)-mediated cAMP-stimulated chloride transport
The method for specific RT-PCR of transgenic message described here completely avoids amplification of either across the treated airway epithelia. [1] [2] [3] However, in all of these studies the molecular biological data were inconuntranscribed plasmid or endogenous message. The SV40 small T antigen intron is a feature of several sistent. In particular, it has proved very difficult to positively identify message derived from the transgene. Large commercially available mammalian expression vectors including pSVK3 (Pharmacia, Uppsala, Sweden), from quantities of vector are required due to the inefficiency of the transfection process. As the introduced cDNA has which pSV-CFTR 6 and pCFAS 4 were constructed. Splicing of the mRNA improves its stability and hence the the same sequence as transcribed RNA, it is essential to ensure that vector DNA is not amplified during reverseefficiency of expression. 7 The 66 bp intron is spliced out during mRNA processing resulting in cDNA derived transcription polymerase chain reaction (RT-PCR).
Methods for removing carried-over vector DNA in from plasmid having a different sequence to the plasmid itself. This difference was exploited by Caplen et al, 2 RNA samples include affinity-binding of polyA-tailed mRNA with an oligo-dT matrix, extraction with acid hybridising an oligonucleotide probe specific to the spliced sequence to RT-PCR products. This proved to be phenol/guanidium isothiocyanate and digestion with RNase-free DNase. In our hands using lipid-mediated unsuccessful as there was too much homology between the probe and unspliced sequence to allow specific plasmid DNA transfection, none of these methods (or combinations thereof) has proved reliable in preventing hybridisation to the PCR product derived from mature mRNA at the low annealing temperature required. We PCR amplification of plasmid DNA. The presence of ATrich regions in the coding sequence and plasmid backhave overcome this difficulty by designing a PCR primer (SV-spl-F) that spans the splice site with only five nucleobone of our pCFAS construct 4 may cause the plasmid to anneal to the oligo-dT; although acid phenol removes tides complementary to the downstream splice receptor sequence and is thus only capable of amplifying DNA genomic DNA efficiently, supercoiled plasmid is co-purified with RNA. We were also unable to digest reliably that lacks the intron ( Figure 1 ). In addition, this method is not able to detect endogenous message or DNA, as the all the excess contaminating plasmid DNA to an extent where it was no longer detectable by PCR.
SV40 sequence containing the t-antigen intron is not normally present in human cells. We suggested improvements on the RNA-specific PCR method of Shuldiner et al 5 in Hart et al. 4 This is based on PCR following reverse transcription with a primer specific for the region of the plasmid that is amplified (SVusing a tagged specific primer for reverse transcription to produce tagged cDNA. The tag sequence is then util-R) gives a wide range of products, the most predominant of which is about 600 bp (data not shown) and could ised in PCR to amplify DNA derived exclusively from derive directly from plasmid DNA. Conversely, and rather surprisingly, when RT is performed with random hexanucleotides a clean and specific product of 528 bp is
Correspondence: ES Mayall
Received 31 January 1997; accepted 11 April 1997 seen. This paradox is not yet fully understood. An
Figure 1 Schematic representation of the hemi-nested RT-PCR protocol. The SV-F primer does not provide a suitable substrate for PCR when unspliced plasmid is the template if the PCR is adequately stringent, as there are only five nucleotides complementary between the primer and the splice acceptor sequence.
equally clean and specific band is seen when the NotIapproximately 1 in 1000 copies of plasmid taken up by cells is transported into the nucleus, and by the fact that d(T) 18 bifunctional primer is used for RT. Use of this primer also allows an increase in sensitivity in RT-PCR no such problem arose with any of the cell cultures tested. when a primer homologous to the NotI anchor sequence (NotI-tag) is used in a hemi-nested PCR protocol Recently, the suggestion has been made, based on experiments with pCMV-CFTR, that the SV40 t intron is ( Figure 1) .
Under the employed conditions, even an excess of not always spliced during mRNA processing in certain cell lines with no corresponding loss of protein function, pCFAS cannot be amplified by SV-spl-F as no product is seen following RT-PCR of 20 ng of plasmid (Figure 2 , since the spliced region is downstream from the CFTRcoding sequence. 9, 10 In contrast we demonstrate the preslane 1). After reverse transcription of RNA derived from various cell lines (CaCo-2, HBE-16, CFPAC, NIH3T3), ence of a spliced sequence in all cell lines and in primary nasal epithelium (Figure 2 ). This difference may indicate and from primary nasal epithelial cells, lipofected with pCFAS and amplification by hemi-nested PCR of the enhanced detection sensitivity in the present study or may be the result of decreased splicing in some cell lines resulting cDNA with SV-spl-F and NotI-tag followed by SV-spl-F and SV-R, a product of the predicted size when the CMV promoter is used rather than SV. The possibility is raised, however, that a proportion of plas-(528 bp) is obtained ( Figure 2, lanes 2-6) . Digestion of the product from CaCo-2 cells with various restriction mid-derived message may not be spliced and yet still be functionally active. Consequently, if this method is to be enzymes (Figure 3a) confirms that it is the correct sequence and thus indicates that the transgene has been used for quantification of the transgenic message, it will be necessary to know the extent of splicing in the relexpressed and the transcript correctly spliced in the CaCo-2 cells. Transgenic mRNA was detected from only evant cells. Since this method allows transgene mRNA detection 40% of the 10 primary nasal cell samples transfected with pCFAS, although endogenous HPRT mRNA was against the endogenous background of mRNA, it could be employed in human trials for transfer and expression detected in 80% (eight of 10) of these; the same eight samples were also shown by PCR to contain plasmid efficiency of vector constructs involving patients who still produce mRNA, or even normal subjects. DNA (data not shown). While this suggests a limitation of the procedure, one explanation is that in those samples Because the only sequences amplified are present in the original expression vector (pSVK3) and are unrelated to where the cell lysates contain plasmid DNA but show no transgene expression, the cells were not sufficiently the CFTR gene, this method is applicable to gene transfer experiments with any gene in this vector and the prinhealthy to express the transgene; this suggestion is supported by the observation of Zabner et al 8 that only ciple is also applicable to other vectors. 5 Shuldiner AR, Perfetti R, Roth J. RNA template-specific poly-
Figure 2 RT-PCR of RNA extracted from a variety of cell types following lipofection with pCFAS. cDNA was synthesised with NotI-d(T)18 primer and was amplified with NotI-tag and SV-F-spl for 30 cycles, followed by another 30 cycles with SV-R and SV-F-

